TITLE OF THE INVENTION , 
„ * Q „rl its Manufacturing Method 

Composite Optical Component and its Ma 

BACKGROUND OF THE INVENTION 

WTF t D OF THE INVENTION 

Z present mention relates to a composite optica! — 
A ombining a functions device with a holding member and a 
formed by combining a lu compo „ent wherein 

me thod for manufacturing the composite optical . . * ^ 

:„7„ i— ™ -r~ - 

t^tt Gr*T?fPTION OF THE PRIOR ART 

DESCRIPTION ur equipment as a copying 

In recent, one of requirements for sucn eq P 

mac hine, Simile machine and ^J^TJ^^ 

aize (to achieve a smaller space and cost, This 

esse ntial retirement for thin-walled configuration of such 

component as a lens. smaller 
* of clastic material nas a 

An optical component made oi pias 

■ — - "r: 'i: ~ - - - 

deformation when exposed to a sngn 



straightness deteriorates. 

To solve this problem, it is considered that the functional device 
is formed into a composite optical component using a higher rigid 
material (hereinafter referred to as "holding member") such as metal. 
B However, when the aforementioned composite optical component 

is formed by injection molding ("insert" and "outsort"), the following 
problems will arise; straightness deteriorated by difference in 
shrinkage resulting from close adhesion between the two in a cooling 
t step, and changes in straightness due to changing temperatures in the 
1 operating environment, because of a great difference in linear 
I expansion coefficients between the functional device and holding 
H= member. 

; j To solve this problem, it is considered to effect separation 

S treatment to be provided between the functional device and holding 
ft member, but no effeotive material is found out at present, and no 
5 effective method can be expected. 

An object of the present invention is to solve the aforementioned 
issues and to provide a composite optical component and a method for 
man ufactnring it, capable of ensuring the straightness of a functional 
20 device in the operating environment (changes in temperature). 



SUMMARY OF THE INVENTION 

25 (First Invention) 

The invention described in_Claim_l_> characterized in that a 
functional device is sandwiched by a holding member, and a composite 



+ • « r.f Claim 1 having such a 
body is formed. The present invention of 01«m__ 

configuration Provides a simple and effective method wherein once a 

comp osite bod y is formed, there is on* a small change in a tra.ntne 

un der loads and in the o P eratin g environment (changes 

temperature). • j • 

j rini-m 2^s characterized in 
The present invention mentioned in Claims-is 

that a functional device is caused b y a holding member to form a 

composite bod, The invention of Claim_2 arranged in the 

af orementioned manner provides a simple and effective meth 

.herein, once a compose bod y is formed; there is on! y a am all change 

,„ straightness under loads and in the operating environment (changes 

in temperature). . 

The invention described in Claim 3 is characterized in that 
functional device is eandwiched b y a holding member, and a composite 
bod. is formed through plastic deformation of the functional device. 
The present invention of Claim 3 having such a configuration provides 
an effective method wherein, once a composite bod y is formed, there is 
on l y a small change in straightness under loads and in the operating 
envi ronment (changes in temperature). Furthermore, improved 
eng agement between the functional device and holding member is 
en8u red by plastic deformation. Since this engaged portion serves as a 
gui de, superb straightness can be maintained even if misalignment i 

-on ,-oefficient in the operating environment 
caused b y linear expansion coeilicienc 

(changes in temperature). 

The invention according to Claim 4 is characterized m that 
actional device is caused b y a holding member, and a composite 
body is formed through plastic deformation of the functional device. 



■u <• configuration provides an 
*f riaim 4 having such a connguta r 
The invention ol tiaim ■* uavi "5 

efM . method wherein, once a composite bod y is formed, 

only . emaH chan g e in strai g htness under loads and in the operating 

environment (Chan.es in temperature). Furthermore, improve 

. en g a g en>ent between the functional device and holdin g member 
ensured hy Pla^ic defecation. Since this en g a g ed portion serves as a 
guide, superb strai g htness can ho stained even if misaU.nment , 
caused by linear expansion coefficient in the operatin g environment 

O (chan g os in temperature). 

g The invention mentioned in Claim 5 is charactered ,» that 

5 actional device is press-fitted into a holdin g member, and a 
H composite hod y is formed throu g h plastic deformation of the functional 
L aevice. The invention of Claim 5 havin g such a configuration proves 
an effective method wherein, once a composite hod y is formed, there „ 
| 0 nl y a small change in straightness under loads and in the operate, 
V environme nt (chan g es in temperature). Furthermore, improved 
engagement between the functional device and holding member is 
ensured by plastic deformation. Since this engaged portion serves as a 
guide, superb straightness can be maintained even if misalignment „ 
20 caused by linear expansion coefficient in the operating environment 
(changes in temperature). 

The invention mentioned in Claim 6 is characterized in that a 
holdin g member or functional device is subjected to elastic 
deformation and are fixed together. Then the functional device 
25 heated and is subjected to plastic deformation to reduce the stress 
between two components, thereby allowing the holding member and 
functional device to slide-fit with each other. According to the 



invention of Claim 6 having such a configuration, the holding member 
is subjected to elastic deformation first, and is fixed to the functional 
device. Then the functional device is heated in excess of thermal 
deformation temperature and is softened, and the installation portion 
6 of the functional device is deformed by the resilient restoring force of 
the holding member. Furthermore, the functional device is solidified 
by cooling, and a clearance is formed due to the difference in 
u shrinkage of two components, whereby a composite body is formed. 
| Here, the resilient restoring force of the holding member is employed 
M to allow slide-fitting between the functional device and holding 
S member. As a result, direct force" is generated between two components, 
5 • thereby ensuring slide-fitting of excellent engagement. Furthermore, 
□ no external force is used. This feature provides a simple configuration 
C and low cost of the apparatus. 

The invention of Claim 7 is characterized in that a holding 
member is subjected to elastic deformation to sandwich a functional 
device. The present invention of Claim 7 having such a configuration 
allows the holding member to sandwich the functional device by 
subjecting it to elastic deformation. 

The invention of Claim 8 is characterized in that a holding 
member is subjected to elastic deformation and a functional device is 
staked. The invention of Claim 8 having such a configuration allows 
the holding member to be subjected to elastic deformation and the 
functional device to be caulked. 

The invention of Claim 9 is characterized in that a functional 
device is subjected to elastic deformation and is press-fit into a 
holding member. The invention of Claim 9 having such a configuration 
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allows the functional device to be subjected to elastic deformation and 

to be press-fit into the holding member. 

The invention of Claim 10 is characterized in that the step of 

Claim 6 and transfer of the shape of molding die functional surface are 
5 carried out in one and the same process. The invention of Claim 10 

having such a configuration allows the shape of the molding die 

functional surface to be transferred in one and the same process, 
h* The invention of Claim 11 is characterized in that part of a 

I functional device assembled with a holding member is formed in a 
| rugged shape. According to the invention of Claim 11 having such a 
L configuration, slide-fitting force (frictional force) can be adjusted in a 
y desired manner by changing the contact area between the functional 
hj device and holding member. 

The invention of Claim 12 is characterized in that part of a 
I functional device assembled with a holding member is designed in a 
IIJ symmetrical configuration. The invention of Claim 12 having such a 

configuration provides a composite optical component with small 

curvature because temperature distribution is symmetrical during the 

molding process. 

20 The invention of Claim 13 is characterized in that the 

aforementioned functional device is an optical device wherein one or 
more lenses, prisms or mirrors are arranged. The invention of Claim 
13 having such a configuration allows a thin-walled and long-sized 
optical device to be configured in a composite body most effectively. 
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The invention of Claim 14 is characterized in that a composite 
optical component comprises an optical component and an enclosnre of 
different materials slidably combined with each other to ensure that 
the sliding resistance between the aforementioned optical component 
, and enclosure will be FS a/b x 8 x E. Here »S" in the above 
expression denotes the sectional area of the optical unit of the optical 
component, "E" shows a longitudinal elastic coefficient of the material 
u of the optical component, and ."a" represents a permissible difference 
1 of linear expansion (permissible distortion) due to changes of 
M temperature per length b of the optical components with respect to the 
S enclosure. The invention of Claim 14 having such a configurate 
M ensures the optical component and enclosure to be firmly held in 
h position without any play at all because the sliding resistance between 
: the aforementioned optical component and enclosure is a/b x S x E. 

| This prevents the optical component from being tilted toward the 
™ enclosure, deformed or misaligned due to play. 

Assuming, on the other hand, that the sectional area of the 
optical unit of the optical component is S, and the modulus of 
elasticity of optical component material (longitudinal elasUc 
20 coefficient) is E, force F which gives distortion of "a" per length »b» of 
optical component is calculated. Then one gets the aforementioned 
force P = a/b x S x E. If the difference in linear expaneion (difference 
in linear expansion per unit length) between the optical component 
end enclosure due to changes in temperature has reached the level of 
S8 the aforementioned "a", and the optical component is locked to the 
enclosure, then only the internal distortion of the optical component 
reaches the permissible limit in terms of maintaining the optical 
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, . to the aforementioned force P because the 
eharaoterist.es dne to the perforD1 anee 
closure a, a reinforcing ^ „ S tron g e, P P ^ 

of tte optica! component „ reduced n ^ ^ ^ to 

hv this internal distortion. So the optical P 

aHde with respect to the enclosure to avoid the aforemen .one 
inter nel portion dne to the difference ~ ^ 

diff erenee in expansion ia to b e removed h a»d . ^ ^ 

— siiaing 8urfa :;,:; 1 b X - — » - 

i„» 17 To put it more specifically by giv^s 

l ona, area S of the iene unit = 1—.. the m.duXus of elasticity of 
"l a 25 , 10X0 [Pa!, and a/b - 0.001 are substituted into 

:: = L <* — - — . -» - — 

i. obtained. The sliding resistance below this value is reared 

Th e lower limit value retiring the aforementioned frmt on 
resistance T is a bonding force necessary to ensure a stable 
finance of the optica! component in the enclosure ^ns 
^ration or the like. This is much smaller than the npper hmU value 
F of the aforementioned sliding residence. It varies wide* accord. 
L L t yP e of each composite optical component and the t yP e of the 
to tne typ ftnt ical components are used, 

optical equipment where compose opt ca! J ^ 

Accordingly, the lower limit value of the 
resistance must be determined for each case. 

Th. invention of Claim 15 is charactered ,» that, » 
e„ m posite optical component comprising an optical component and an 
enclosure of different materials slidably combined with each .the , h 
Lai component and ensure are fUed at one position, „ , th 
s Ling resistance of the sliding portions in other areas kept below 
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-a/b x S x E. The invention of Claim 15 having such a configuration 
ensures that misalignment does not occur to the optical component 
with respect to the enclosure, despite repeated processes of expanse 
and shrinkage due to changes in temperature, since the optical 
component and enclosure are fixed at one position. Furthermore, the 
sliding resistance of the sliding portions in other areas is kept below F 
- a/b x S x E. Thus, similarly to the cases of the aforementioned 
solutions, the difference in thermal expansion between the optical 
components and enclosure due to changes in temperature is eliminated 
,., by the sliding between the optical component and enclosure; therefore, 
£ internal distortion does not occur to the optical component due to the 
aforementioned difference in thermal expansion. 

The invention of Claim 16 is characterized in that, in a 
composite optical component comprising an optical component and an 
onclosure slidably combined with each other, a sliding groove » 
formed on either of the sliding surfaces between the optical component 
and enclosure, and a contact protrusion is formed on the other sliding 
surface. It is fit into the aforementioned sliding groove, and >. 
connected by mechanical contact to permit sliding only in one 
direction. The invention of Claim 16 having such a configurate 
allows the optical component to slide in a straight line with respect to 
the enclosure in the direction of the sliding groove (in the longitudinal 
direction), because a sliding groove is formed on either of the sliding 
surfaces between the optical component and enclosure, and a contact 
protrusion is formed on the other sliding surface; furthermore, »t i. 
fitted into the aforementioned sliding groove, and is connected by 
mechanical contact so that it can slide only in one direction. In the 
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direction at a right angle to the sliding groove (lateral direction), the 
optical component i. held by the enclosure by engagement between the 
contact protrusion and the aforementioned sliding groove, so no 
misalignment occurs in the lateral direction with respect to the 
6 enclosure. 

The invention of Claim 17 is characterized in that a contact 
u protrusion is formed on either of the sliding surfaces between the 
1 optical component and enclosure of the aforementioned composite 
| optical component, and the sliding surface is subjected to mechanical 
I contact due to elastic force caused by clastic deformation of the 
5 aforementioned contact protrusion so that sliding resistance occurs, 
b This sliding resistance is kept not to exceed the aforementioned 
t sliding resistance. The invention of Claim 17 having such a 
| configuration allows the sliding resistance to be controlled to a 
ft specified value with comparative ease by adjusting the height of the 
contact protrusion, because the sliding resistance of the 
aforementioned sliding surface is produced by the elastic force caused 
by deformation of the aforementioned contact protrusion, with the 
aforementioned optical component fitted into the enclosure. 

The invention of Claim 18 is characterized in that, in the 
aforementioned composite optical component, the rib of the optical 
component is sandwiched and slidably held by the holding part of the 
enclosure in such a way that the clearance between the 
aforementioned rib and the aforementioned holding part does not 
25 exceed 50 u m. The invention of Claim 18 having such a configuration 
provides the following advantage: If there is a great clearance 
between the slide-fitted portions of the rib of the optical component 
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and the holding par. of the enclose, a looal tilt or ourvat.ro will 
occur to the optical component, and this will affeot optical 
characteristics. However, if the aforementioned clearance is kept at 50 
„ m or less, the aforementioned local tilt and curvature will be kept 
'„ within the permissible limit. Thus, optical characteristics of the 
optical component are not affeoted by the local tilt and curvature. 

j • ri a 4m 19 is characterized in that the 

The invention described in Giaim x» " 

g aforementioned optical components and enclosure are formed into 

2 long-sized tabular members. 

| The invention described in Claim 20 is characterized in that the 

U afor ementioned optical component is made of resin material, and the 

£ enclosure is made of metallic member. 

u ^. o iv^A in rinim 21 is characterized in that the 

H- The invention described in uiaim ^j. " 

^ j *• „ i n o o m^niher or a composite material 

ffl optical component is made of a glass member or a v 

pi of resin and glass member. 

The invention described in Claim 22 is characterized in that 
both the optical component and enclosure are made of resin. 

The invention doscribed in Claim 23 is characterized in that the 
aforementioned enclosure is made of ceramic material. 

20 The invention described in Claim 24 is characterized in that the 

aforementioned optical component is a single optioal member in which 
m „l«,l. lenses, prisms and mirrors are arrayed, and the edge of the 
aforementioned optical component is slidably held by the holding part 
of the enclosure. 

25 The invention described in Claim 25 is characterized in that the 

composite optical component according to Claim 14 is provided on an 
optical print head, image forming apparatus or image reading 

11 



apparatus. 



(Third Invention) characterized by a 

The motion -scribed - c laim deyjce is 

5 opposite optica, component wo^ an opUcal >4 
held by a holdin* member ft* reinforcement, »* * 
opti ca, — > device and holding with 
^ iutegrated into one nod, within the mold, ^ ^ 26 

5 each other, in the compete optica! compo ^ ^ J firmiy 
1 ha ving such a configuration, the optical fun.~na ^ 
S be ld wit. respect to the holdin g mem ^7^ ^ over the 
5 two m embers are not integral* locked b y the hold! * 
• 0 ent ire length. I-ne optica! functional dev.ee , u , ^ 
C mansion due to changes in temperature functional 
1 «pand with respect to th. holding member, then ^ 
5 dev ice slides wit. respect to the holding m m a 

force of the holdin g part, and ^"^^^ Thu8 , 
Actional device dne to thermal expansion »J ^ 
9traig htness I. not deteriorated deapite changes in temp 

20 high optical performance i. ensured. routse rted") and is 

The holding memher i. placed ont.de ( o»ts« 
pr0C essed into one integral* molded product using . - • ^ 
i3 no aeterioratiou or precision due to assem l.n ~ . ^ 
caB e where the optica! functional dev.ee and h Id n 

25 mold ed to a hi g h precision, and are then ^ simple 

body the aforementioned art for comparison). T 

method provides a composite optical component w.th high 



straightness at a low cost. 

The initio* aliened described in Claim 27 is charactered 
by a oomposite optical component according to Claim 26 wherein the 
eontact surface, on the aforementioned slide-fitted persons of the 
fl forementioned optical functional device and holding member are 

^ n „A remaining contact surfaces are 
,1 j ^r,, - fVi /»*»c>i other, and remaining 

partly fixed witb eacn owiex, 

Bli de.fitted. The composite optical component according to the 
mention of Claim 27 having such a configuration permits the entire 
optical functional device to move with respect to the holding memher 
L ensures misalignment to he avoided, hecause the optW 
actional device and holding memher are partly fixed with each othe, 
Fu rthe, the optical functional device is fixed at the position serving 
afl a reference with respect to the holding memher, so 
optical component provides a high degree of performance as designed. 

The invention described in Claim 28 is charactered by a 
oomposite optica, component according to Claim 27 wherein the 
eontact surfaces on the aforementioned sUde-fitted 
aforementioned optical functional device and holding member are 
par t,y assembled in a rugged shape or fixed with each 
bonding. The composite optical component according to the 
of Claim 28 having such a configuration provides a higher degree 
optical characteristics beoause the reference position of the optical 
, • • fixed at a more accurate position with 

functional device is firmly fixed at 

respect to the holding member. 

The invention described in Claim 29 is characterized by a 
composite optica, component according to Claim 26 wherein a groove is 



„ Da rt of the aforementioned holding member or optica! 

formed on part of functiona l device 

functional device, and the protrus.cn of he P 
or holding member is slidably engaged int he 

of t he holding memher or optical ^"^^.^ <f claim 
Th e composite optic, component accord^ o t e 

29 Having such a configuration P , . ^ 

>— ;T:: a i 8 :: cz « - 

direction, independently of the 



functional device. charac terized by a 

The invention descried ,» Claim ^ 
it- ootical component according to Claim 
r composite optical P hold i n g member slidably in 

5 st raightness of the contact surface of the holding 

■ D contact with the aforementioned J .< the 

t or more lower than that retired of he opt.a 

a low-cost holding member with a low degr 

, ,„ s t and high-function composite optical component, 
before a low-cost and high characte rized by the 

Th e invention described Clai ^ 
20 co mposite opticel component ^^T^ of the 
'I 91 .r^L — did Tnd holding member does not 

61 , „ • . where "a" denotes the permissible elongation 

optical functional device, where ^ ^ 

25 of the optical functional device due to thermal .,, 
sy3 tem (the difference in thermal expansion of 
and optical functional device per unit length), B -presents 
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sectional area of the function unit of the optical functional device, and 
E shows a modulus of elasticity (longitudinal elastic coefficient) of the 
material of the optical functional device. In the composite optical 
component according to the invention of Claim 31 having such a 
5 configuration, the holding member and optical function device are 
slide-fitted with each other without excessive sliding resistance; 
therefore, the optical functional device is not subjected to internal 
.. distortion due to thermal expansion or the like. Accordingly, excellent 
| straightness of the optical functional device is not deteriorated by 

thermal expansion or the like. 
, The invention described in Claim 32 is characterized by a 

: composite optical component according to Claim 26 wherein the 
h portion of the aforementioned optical functional device in contact with 
. the holding member is composed of a reain material. The composite 
I optical component according to the invention of Claim 32 having such 
™ a configuration is made of the resin material characterized by 
excellent mold-ability, so it has a slide-fitted surface easily molded. It 
is a composite optical component characterized by low cost and 
excellent functions 

The invention described in Claim 33 is characterized by a 
composite optical component according to Claim 26 wherein the 
aforementioned holding member is made of metallic material. The 
composite optical component according to the invention of Claim 33 
having such a configuration provides a high-strength composite optical 
component because it uses a holding member made of a metallic 
material much stronger than resin. Accordingly, even under the 
circumstances where deflection is given to the composite optical 
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component the aforementioned composite optical component maintains 
excellent optical characteristics. 



The invention described in Claim 34 is characterized by a 
composite optical component according to Claim 33 wherein the 
aforementioned holding member is obtained b y stamping the product 
U molded by aluminum-extrusion or extrusion. The composite optical 
| component according to the invention of Claim having such a 
1 configuration is characterized by light weight, processing ease and low 
F cost because the product molded by aluminum-extrusion is used as a 
N holding member. 

O The invention described in Claim 35 is characterized by a 

C composite optical component according to Claim 33 wherein the 
aforementioned holding member is made of stamped sheet metal. The 
composite optical component according to the invention of Cl«m 35 
having such a configuration is a high-strength and low-cost composite 
optical component because the holding member is made of stamped 
sheet metal characterized by excellent processability. 

•u j Claim 36 is characterized by a 
The invention described in Claim so 

composite optical component according to Claim 26 wherein the 

aforementioned holding member is made of resin material reinforced 

with glass fiber. The composite optical component according to the 

invention of Claim 36 having such a configuration is a low-cost and 

high-function composite optical component because the holding 

member is made of resin materia, reinforced with glass fiber 

characterized by excellent mass production. 
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^ • ™ 37 ia characterized by a 

The invention described in Claim 37 ia 

comp osite optica! component accordin g * Claim 26 wherein the 
Motion unit of the aforementioned optica! functional dev.ce . d 
o, resin materia!. The composite optical component accords to the 
. invention of Claim 37 havin g such a conjuration is charactered by 
easy m o,d-ability of optical functional surfaces and ni g h-prec lS1 .n 
opti cal functional surfaces because the holdin g member is made of 
r esin material characterized by excellent moldabU.ty. 
1 The invention described in Claim 38 is charactered by a 

1 me thod for manufacture a composite optical component .herein the 
S aforementioned optical function device and ho!din g member ar 
5 processed into one inte g ral body by a mold. U is further characters 
b by a m ethod for manufacture the composite optical componen 
5 aLrding to Claim 26 wherein transfer of the optical function surface 
1 of the moldin g die for the aforementioned optical functional device and 
« eUde-fitte between the optical functional device «■ ^ ^£ 
are provided in one and same moldin g step. The method for 
manufacture the composite optical component accordin g to the 
Mention of Claim 38 havin g such a conjuration proves 
20 com posite optical component of hi g h strai g htness at a low cost a 
comp ared to the case where the holdin g member and 
device are separately processed and are assembled into one piece. 

The invention described in Claim 39 is charactered by . 
me thod for manufacture a composite optical component of Claim 3 
25 wherein transfer of the optical function surface of the moldm. d,e 

th e aforementioned optica, functional device and slide-fittin g between 
the optical functional device and holdin g member are provided „ one 
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different mechanisms. The 
and same molding step u B1 ng different 

ma nufacturing method according to the — of CU» » 
conf igured in this manner P-idea siide-fitting surfaces having 
aetermined f*ing force with regard to the 
et.een the holding member and optica! functions, dev.ce. I 
a eomposite optical functional device of nigh prec^on and h.gh 

straightness at a low cost. 

M . invention descrihed in Claim 40 is character^ b 7 
meth od for manufacturing a composite optical component of Cla.m 38 
; in the optica! function surface of the molding die is trans e 
t0 a spare molded product of the optical functional dev.ce a - h 
aforementioned spare molded product * " »" 

..mentioned holding member. The manufacturing method accord 
t0 th e invention of Claim 40 configured in this manner — 
red uces the time of molding the composite optica, componen having 
ni gh-precision optical function surface using the optical funcUona, 

'"'"The invention descrihed in Claim 41 is characterized b y a 
me thod for manufacturing a composite optical component of C a,m 40 
herein the aforementioned spare molded product ,e 
m aterial, and the optical functional surface of the mold.n d.e 
tr ansferred h y moving the molding die having the shape of opt.ca 
line, surface, and appl.ing pressure to the optica! func.ona 
8urface of the aforementioned spare mo!ded product. Th 
maoll facturing method according to the invention o Cla.m 
con figured in this manner provides a reliable wa y of form ng 
gn precision optical functions! surface of the optica, funct.onal 
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device, and a high-precision and low-cost composite optical component. 

The invention described in Claim 42 is characterized by a 
me thod for manufacturing a composite optical component of Claim 41 
wherein pressure is applied to the functional surface-compaUble 
5 portion of the aforementioned spare molded product and the vicinity 
.hereof, after having been heated in excess of the glass transit^ 
■ i u • ~ „.<,^ The manufacturing method 
point of the resin material being used. The man 

M according to the invention of Claim 42 configured in this manner 

I pr0 vide 8 a reliable wa, for stable formation of a higher-precision 
ill „ rMn -j flS a high-precision and low-cost 

£§ optical functional surface, and provides a nig P 

u composite optical component. 

- The iuvention described in Claim 43 is characterized by a 

R method for manufacturing a composite optical component of Claun 40 
E wherein the shape of the aforementioned spare molded product ,s close 
1 to the final shape of the optical functional device. The manufacturing 
U method according to the invention of Claim 43 configured ,n this 
manner allows short-time molding of a molded product wxth 
hig h- P recision optica, functional surface, and provides a low-cost and 
high-precision composite optical component. 

The invention described in Claim 44 is characterized by a 
method for manufacturing a composite optical component of Cla.m 43 
wherein the aforementioned spare molded product is an injection 
m0 !ded product. The manufacturing method according to the invent.on 
of Claim 44 configured in this manner allows low-cost volume 
25 production of a spare molding component having a shape close to the 
final one, and hence permits a low-cost and high-precision composite 
optical component to be manufactured. 
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•v a ir, r-laim 45 i'fl characterized by a 
The invention described in Claim 

m ethod for manufacturing a composite optical component of Claim 38 

wherein heat and pressure are applied to several positions in the 

vicinity of the contact surface of the aforementioned optical functional 

device in contact with the aforementioned holding member to make 

wave-shaped deformation, thereby ensuring slide-fitting between he 

aforementioned optical functional device and holding part 

aforementioned holding member. The manufacturing method 

according to the invention of Claim 45 configured in this manner 

allows easy formation of slide-fitted portions between the optical 

• , a ■ . »nd the holding member having a predetermined 

functional device and tne aoiamn 

, v „„,-,, „„ production of a low-cost and 

fixing force, and hence permits easy pro 

high-precision composite optical component. 

The invention described in Claim 46 is characterized by a 
method for manufacturing a composite optical component of Claim 38 
whe rein external force is applied to the vicinity of the contact surface 
of the aforementioned optical functional device in contact with the 
Holding member to ensure that the optical functional device is 
B Ude-fitt.d to the holding part of the hoiding member. Th 
m anufacturing method according to the invention of Claim 46 
configured in this manner allows easy formation of slide-fUted 
portions between the optical functional device and the holding member 
having a predetermined fixing force, and hence permits easy 
production of a high-precision and low-cost composite component. 

The invention described in Claim 47 is characterized by a 
m ethod for manufacturing a composite optical component of Claim 38 
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herein externa, force is applied to the vicinity of the contact surface 
of the aforementioned holding member in contact with the optical 
functional device to ensure that the optical functional device » 
8 Hde-fitted to the holding part of the holding member. The 
ma nufacturing method according to the invention of 01«m 47 
eonfigured in this manner provides a reliable way of deforming the 
resin to form a slide-fitting part between the optical functional devxce 

*nnw* a high-precision and low-cost 
and holding member, and allows a nig t> 

composite optical component to be manufactured. 

•v j •« riflim 48 is characterized by a 
The invention described in Claim 4© 

~*+^ ^ „ 1 1> « 1 comDonent of Claim 38 
method for manufacturing a composite optical compo 

wherein the resin moved by application of pressure to the functional 
BUr face of the aforementioned optical functional device or application 
of the aforementioned external force to other positions than the 
functions surface is brought into mechanical contact with the interna 
9ide surface of the holding member in such a way that the optical 
functional device is s.ide-fitted to the holding part of the holding 
member. The manufacturing method according to the invention of 
Claim 48 configured in this manner provides a reliable way of forming 
8 „ae-fitted portions of a greater contact surface area between the 
optical functional device and holding member, and hence allows a 
High-precision and low-cost composite optical component to be 
manufactured. 

The invention described in Claim 49 is characterized by a 
me thod for manufacturing a composite optical component of Clann 38 
wherein, while the aforementioned optical functional device is kept ax 
m echanical contact with the internal side surface of the holding part 
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of t be holding member by molding for integration with the 

member , the bo.dmg Part of the — - ld 7 ^ 

^ported from the outside, thereby preventing the 

holding part from being deformed. The ~- -™ ^ 

„ • ^rtnfiffured in this manner 

, according to the invention of Claim 49 configured 

5 according deformed in integration 

preventa the holding member from being deform 

, * , ftm nnaite optical component 

molding step, and provide* a low-coat composite 

5 characterized by a high degree of straightness. 

1 The invention deacribed in Claim 50 1. charactered by a 

| me thod for manufacturing a composite optica, component of Claim « 
" herein at leaet a part in the vicinity of the contact 
I llementioned optica! functional device in contact with the holding 
P member ia heated in e.ceaa of the tharmai deformation tempera ture of 
5 the Serial reain. The manufacturing method accordmg to the 
I Mention of Claim 50 configured in thia manner a„owa eaey format, 
of aiida-fitted portions between the optical functional device and th 
bolding member having a predetermined fixing force and bene 
permits production of a high-performance composite optical component 

at a reduced coat. . 

. , ■ *1 is characterized by a 

,0 The invention deacribed in Claim 51 

compoeite optical component of Claim ,6 manufactured according to 
Claim 38. The composite optical component according to the inv ntion 
of Clai m .1. configured in thia manner ia baaed on the manufacturing 
m ethod ensuring a lew coat and high degree of functiona, so it is 

25 cost product, despite high degree of functions. 

Th e invention deacribed in Cairn 5, ia characterized by a 
loBf ..i,.d composite optical component according to Claim 5! wherein 

22 
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th. longitudinal length is 50mm or -re. The composite optical 
component according to the invention of Claim configured in this 
manner is a ,ow-cost composite optical component characterized by a 
high degree of straightness and function, despite a long-sized 
configuration. 

j claim 53 is characterized by a 

The invention described in uiaim 

com posite optical component according to Claim 51 wherein the optical 

functional device comprises lenses, prisms or mirrors arranged in 

multiple numbers. The composite optical component according to the 

iuvention of Claim 63 configured in this manner is a low-cost 

component characterized b y high precision and a high degree o 

straightness, although it is a long-sized component consisting of 

* multiple optical devices requiring high precision. 

-v. j ;„ riaim 64 is characterized by an 
» The invention described in Claim o« 

1 optical writing unit equipped with a composite optica, component 
according to Claim 53. The optical writing unit according to 
invention of Claim 54 configured in this manner is a high-performance 
and low-cost optical writing unit because it is equipped with a 
composite optical component according to Claim 53. 

The invention described in Claim 56 is characterized by an 
optical reading unit equipped with a composite optical component 
according to Claim 53. The optical reading unit according to the 
mention of Claim 55 configured in this manner is a high-performance 
and low-cost optical reading unit because it is equipped with a 

25 composite optical component according to Claim 53. 

, .. . in claim 56 is characterized an image 
The invention described in Claim 
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•xv „«Hf fl 1 writing unit according to 
forming apparatus equipped with an optical wri f 

C l ai m 54. The image forming apparatus according to the ° 
Claim 56 configured in this manner is a high-picture quality an 

. fl eauipped with an optical 

low-cost image forming apparatus since it is eouipp 

writing unit according to Claim 54. 

•i.^ iT, Tlaim 57 is characterized by an 
The invention described in Claim 

image reading apparatus equipped with tne optica! 
wording to Claim 55. The image reading apparatus accords 0 the 
Mention of Claim 57 confined in this manner is a high reeo uU n 
and low-cost image reading apparatus because it is equipped with 
optical reading unit according to Claim 55. 

BRIEF DESCRIPTION OF THE DRAWINGS _^ 

i^ . I U a perspective view represen ting a composite opUcal 

c„mnone\ according to the First Invention; 

FigsN* (a) and (b) are explanatory diagrams representing 
EmbodimentYof the Firat Invention; 

Figs. 3 (\and (b) are explanatory diagrams representing 
Embodiment 2 ofX First Invention; 

Figs . 4 (a, an\(b) are explanatory diagrams representing 
Embodiment S of the Fir>t Invention; 

Fig8 . 5 (a) and Cb\re explanatory diagrams representing 
Embodiment 4 of the First Invention; 

Kig8 . 6 (a, and (b, are\lanatory diagrams representing 
Embodiment 6 of the First InventiV 

Figs . 7 (a) , (b ) and (c) are explanatory diagrams representing 
the Embodiments 6, 7 and 10 of the FirsVjnvention; 



. (a) , <b> and (c, are explanatory diagrams representing 

12 of the FirY Invention; oreaenting the Embodiment 

Fig. 11 explanatory diagram representing th 

:...,„ a - p-,... ...A™- » <•» • 

section B in Fig. 13 (a); v 

a ^tiVal view showing the section B in Fig. J-* 

Fiff 14 is a cross BectioNnai view 
presenting the eUarance bLeen the rih of the optica! component 
and the holding part of the enclose; Embodiment 

Fig. 15 is a perspective ,,e* representing 

tlie Second Invention; \ 

Fig . 16 U an exploded perfective view representing the 

Emb odiment 3 of the Second Invention; Embodiment 3 of 

Fig. 17 is a perspective view representing the 

the se ;: d *~ - — — ; ai 

ae.ee Clong-sixed lens array, according to thV art of the comparative 
exa mp,e in the Third Invention. Fig. IS ( »> is W view f Fi . 
„. 1 CO is a front view of the holding member a\cording to the art 
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A comparative e*ample,Fig.l8 (d) is ...id. view of Fig.18 (c>,Fig.l8 
(e, L front view of the composite optical component according to the 
art ofVe comparative example, and Fig.18 (f) is a side view of (e); 

A 19 (a) is a front view representing the optical functional 
device (lonWzed lens array) according to the Embodiment 1 of the 
Third Inven\n,Fig.l9 (b) is a side view of Fig.19 (a), Fig.X9 (c) „ . 
front view of \e holding member according to Embodiment 1. and 
Fig.19 (d) is a sideview of Fig.19 (c); 

Eig 20 (aXis a front view representing the method for 
manufacturing composite optical component according to the 
Embodiment 1 of the \ird Invention, and Fig.20 (b) is a s>de v.ew of 

Fig. 20(a); \ 

Eig 21 (a) is fro\ view representing a composite opt.cal 
member according to the Embodiment 1 of the Third Invention, and 

Fig.21 (b) is a side view of FigAl (a): 

Fig 22 (a) is a fron\vxew representing a method 
manufacturing a composite .piW component according to the 
Embodiment 2 of the Third mventio\and Fig.22 (b) is a side v.ew of 

Fig. 22 (a); \ , 

r A ofl f in ^ a composite optical 

Fig- 23 is a front view representing 

component 

according to the Embodiment 2 of the Third Indention; 

Fig 24 (a) is a front view representing the method for 
manufacturing a composite optical component according to the 
Embodiment 3 of the Third Invention, Fig.24 (b\l. a side v,ew of 
Fig 24 (a), and Fig.24 (c) is an enlarged view of sectio\A in Fig.24 (b); 

Fig 25 (a) is a front view representing an opVjcl functional 



j • „ fo the Embodiment 4 of the 
.fevice (long-sized Una array) accord>ng to the am 
device uoug • . . Fi Z . 25 (c) is a 

ThX Invention, Fig.25 (b) ia a aide v.ew of F.g.25 (a), F g 

X , ,r „ OIT ,h P r of the Embodiment 4, and 

front vW e I> reSenting the h ° lding 
■pip- 25 (d)ijKa aide view of Fig.25 (c); 

„.„,„,.„.. !w »«•■' ;.. 

, + a « f the Third Invention, and Fig. 2b qdj 

Embodiment 4 of tne iBsiru 

exponent according to the ^ * «** ~ 

Fig.27 (b) ia a aide view of Fig27 (a). 

DETAILED DESCRrPTION OF THE PREFERRED EMBODIMENTS 



(First Invention ) 

4. fV,o First Invention. Fig. 1 is a 
Figs. 1 to 12 illustrate the First 

a ccor dl ng to tbe F ^ ^ ^ & ^ ^ 

H composes an (optical) fu compoB ite body. The 

13 combined with the functional dev lc e 12 xnto a c P 

Lctiona! device ,2 compriaea a ^^^^ 

(e8 peciany such an optica! device as a lena an « ^ 

opti ca. scanning systenr such as a copying mac h,ne 

1 solid-etage scanning type printer. The 

deaigned in a thin-waHed long-ai.ed configuraUon, a d th 

an d bac* have mirror surfaces 14 and 15, respecUvely. Further, 
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n r,* G is mounted on the side of the 
ins tallation portion X6 such as a ^ >a 

— 12 ' The I" Z U and mounted o. 

the sanation portion 16. f » • denotes ^ 

shrinkage of the functional device 12, and 

sh mnkage of the ho,ding member 13 ^ ^ ^ 

Firstly, in the First Embodiment, the 

w 13 and is formed in a composite 
8an dwiched by the holding member 13 ~« 
bod y, as shown in Fig. 2. In other words, a holding 

,_• f ,ni fVn .., of installation portion 16 is hi) 
a r elationsh lP of (thickness o ^ ^ 

wi dth b2 of the holding member 3 « ^ 
the installation portion 16 such as a flange 

component 11. simpU fied method, and is very 

This First Embodiment proves a ™ ^ ^ ^ & 

effective because, once a composite body is for 
small change in straightness under loads and » 
environment (changes in temperature). ^ 
In the Second Embodiment, the functional device 1 

tr i i and is formed into a 
by the holding member 13 as shown in Fig. 3, and 

u J In other words, a holding member 13b having 
composite body. In other w 

v f thickness of installation portion 16 is hJ.) 
relationship of (thickness o in8ta llation 
width b2 of the holding member 13) is inserte 

potion 16, and is crushed and caulked under this condition to 

composite optical component 11. mDlified method, and 

This Second Embodiment also prov.des a simplified m 
U very effective because, once a composite body is formed, th - 
only a small change in straightness under loads and in the operating 
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functional - r ;;^r l mber M 18 

int0 a compost body. Name* wja ,„ h a force 

by the installation portion 16 of a moiaea p 

- rr:::" » - — - 

Further, smooth engagemen J ^ ^ portion 

bol din g member 13 i. ensured by plastic 

serves as a guide. Accordingly, even if n^saHgnment x. 

I di^rence in linear expansion in the operating — 

Ranges in temperature), straigbtness can be 

In the .ourth Embodiment the <^* ^^ 
by the holding member 13b as shown ,» F... 6. 

" - ™r J , :rrj;r.r.i t :::: l ... 

deformation by the holding member 13. 

T bis Fourth Fmbodiment, similarly to the ^remenUonea 
Em bodiments, is very effective because once a compos. e y > 
forme d, there is only a small change in straigbtness under loads and 
ta the operating environment (changes in temperature,. Furthe , 



— •"«•«— ° ■ ^(formation, ..d O.I. p.."" ...... 

i— - - " h ™" 

In . ia pig 6 and the functional 

_ j . +B ia V ery effective because, once a corny 
Embodiments, v r y ^ ^ ^ ^ 

forced, there is only tempe raturc). Further, 

«. h ; ;,a.. ...... .a ... ««- 

smooth engagement between n 

— « *■■:':/: >: ... - ~ 

;:,:,::::irr.:r.::: — •• 

Further,^. ^ ^ deformatlon , as 

13b or functionalNlevice 12 is suoj 

• 7 aXs to fi> between the holding member 13 and 

Actional evice 2 a ^t ^ ^ ^ _ 

pla3tic d eforma t i * ^ ^ ^ ^ member 13 

components and allowing . ^» ^ i8 

and functional device 12. In othXr wora 

t \«l to fix the functional device 12 
subjected to elastic deformation at ft>t to 
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, a «r„» Then the functional device 12 is 
„ fT?i*a 7(a) and 8(a)). men 
in position (Figs. tAtn „ e rature in a mold apparatus 

+v,o thermal deformation temperaxur 
heated over the thermal func tional 

ff*„ Then the installation portion lb 
21 and is soften. Then with 

, - ■ 19 is subjected to deformation (Figs. /W 

tQiding member 13 . Further , the 

resilient restoring force & cooling 

, , • 19 is fixed in position by coon»s 
factional dev.ce 12 a. clearanc e is formed bv 

me ans (not show.), asd at the same tun.. 
the difference of shrikes between two ^ comp 

S^ 771 ^ 7711111 '^^^^ device 1. and 

tolding mem er , As ^ _ 

components to enaur the structure of 

engag ement. Further, since externa! force „ not used, 
the apparatus is simplified, and the est is reduced. 

rea60Q: A composite bod y is firmed at *e tem^re 
deg rees Celsius) a sli g ht ly h.her than ^ ^ 

temperature of the functional dev.ee 12. B. ^ 
- -ctienal device 12 - » « ^ ^ 

each other due to the difference of shr.nkage ^ 
being cooled down to the room temperature. For P 

• 4- r i,p holding member 16 is j- 
that the linear expansion coeffxc.ent of the h g ^ 

*. ~n rtat of functional device j.^ 
10 * .6 (carbon steel), that of temper ature is 

(plas tic), therms) deformation ^ ^ ^ 13 ia 

100 degrees Celsius, and the thickness h of 
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21m m, the difference of shrinkage is obtained a, follow.: (60-12) x 10 
,-6 x 100, 1 = 0.005mm = 5 „ m. Thus, one get a smooth slide-fitting 
portion having a clearance of 5 u- m. 

In this case, it is possible to sandwich the functional device 12 
by causing elastic deformation to the holding member 13a, as shown in 
Fig 7 (Seventh Embodiment), to caulk the functional device 12 by 
causing elastic deformation of the holding member 13b, as shown in 
Fig 8 (Eighth Embodiment), or to press-fit the functional device 12 
into the holding member 13 by causing elastic deformation of the 
functional device 12 (not illustrated) (Ninth Embodiment). 



rther, in the mo ld apparatus 21, transfer of the shape of 
molding surface is carried out in one and the same 

process usTnXa mirror surface molding die 22 within the mo d 
apparatus, as sh^n in Figs 7(b) and 8(b) (Tenth Embodiment). In 
ot ner words, trans^W the shape of the molding die functional 
surface, and slide-fittin>Ween the functional device 12 and hold.ng 
member 13 are carried out ^ne and the same molding step, thereby 
molding an integral body^ 



Addition, in ^-Eleventh-T sS^feTi. a ruggea iSrTace 



(rugg ed person 23) is produced on part of the installation portion 16 
of the functio^ievice 12 on the holding member 13, as shown in Fig. 
9 to this way, the ^iMe-fitting force (friction force) can be adjusted m 
an arbitrary manner banging the contact area of the functional 
device 12 and holding member^ In this case, a protrusion 24 can be 
provided at the central portion ^Khe holding member 13 to keep U 
mobile so that this portion serves preference, as shown in Fig. 
9(b). 
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t the Twelfth Embodiment, at least parts of the 
ACC ° rdinS t T, " the functional device 12 on the holding 
installation porUon 16 of , a8 shown in Fig. 10. 

m ember 13 are provided at M positiona 

In Fi , 11, nan.es are oca ted ^b conflguration ensures a 

wit h 40 " e ftt rTttr nton during molding, and hence 

BymI netrical temperature di.trxbu charactariz ed by small 

pr0 vides a composite optical component 

beDding ' ♦„ Thirteen Embodiment, a part of the holding 

According to the Thtrteen ^ ^ ^ longitudina l 

mem ber 13 is bent and a gu config nration allows 

action is provided a shown ^ ^ ^ ^ ^ 

tie event of temperature changes. functiona l device 

fording to the Eourteenth Embodiment he ^ & 

12 „ formed as an optical device 28 compr^ng ... . ^ 

~ « - rr; 7 t»;/-.» U used fn Eig. 12. 

« with multiple lenses 26 and 27 « tnin . wa „ed long-sUed 

The Eourteenth Embodiment allows the tt» ^ 

effective manner. 
(Second Invention) 

• ,„„.,.. -"~';7 a , . , s" 1 .: 4 . ...... .. . «— 

The Embodiment 1 oi 
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* m „risin S a plastic molded product (Ions 
long . siz ed optica! component compr s~ P characteristic8 . 
m ember, and an enclosure for maxntenance o P ^ 
A ,, member HO (optical funcUonal dev.ce) ha 

B has holding parts 111. aUdably int0 the 

bot h sides. The aforementioned » ^u.. 

ho.din g part XUa. and the lens membe, 10 -h ^ 
Hemisphere! contact protrusxons 110b ntioned rib8 

1 in ter.als on both nppor and ^ sliding g roo.e 

1 U 0a and 110a of the ^ ^ ^ ^ ^ of t ho 
t TZVTl of the enclosure - When the 

■I h0Hing 10 „ ««ed slidab ly to the holdin g part 111a, a 

= a — " rBei .herein tho aforementioned contact 

5 •"*"«"•* P " " i o „ surface of the ho.dins part 111a are 

9 PrOtrUSl0n 1 ^etbTlechanicai contact with each other. This 

— —:;T^ to the ho!din g Parts Ilia and Ilia 

th e lens member w.th ^ ^^.^ coatact 

* he enCl ° 8Ure Tie rib .110. on the lens member 110 is 

20 protrusion 110b " oM * m . TU is allows the lens 

Here the lens member 11. » 
25 m aterials between plast.c and glass o ^ ^ 

— — rrxr : > - - - 

enclosure is made of plastic, m 
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ceramic. 



. „ no and enclosure HI can be 
Materials of the lens member HO ana 
M tn the precision, operating 

environment and cost requires 

component. +(sri9 tics (Claim 14) relative to 

The following describes the characteristics CO 

v„ 110 and enclosure 111 wherein this L». 
between the lens m^be, 110 . ^ wl 

mem ber has a front length of 300mm, a lene width of 
wid th of 8mm including the ribs 110a on the right and I t- ^ 
oltlhpr 110 i n this Embodiment 1 is plastic, ana 
The lens member ixu m ^ A . 

HI is made of aluminum. Their linear expanse 
enclosure 111 « io A - 6, respectively. If the change in 

:l : — - — ° f 

temperature is 25 degree However, the 

0,003mm Per length of 1mm occnr . = « - • ^ . 

tolerance "a" of the distortion of lens member 
= 0 0001mm per millimeter. 

110, then distortion m excess ot xn 

in response to that change in temperature, w,th 
t bat the optical characteristics are reduced. ^ 

,i flt the sectional area of tne lens 
Assuming that xne sev"« 
h 1X0 is S and the modulus of elasticity (longitudinal elastic 
member 110 is S and ^ ^ 

coefficient) of the plastic is B. force 

the length is calculated. Then one gets force 
110 by "a" per "b" across the ieng"i 
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F /t I S I K. If this difference in expansion is to be eliminated as 
nt in the slide-fitted portion 113, the sliding resistance 
a slide movement in the suae ^ 
0D this sliding surface muat be not exceed ~ ^ ^ 

_ ple , if - - ;; s a = 0 . 001mm , and b . _ 

elasticity of plastic E - 0.25 x ^ 

- — tea - * 8Hd r: 0 r:: ei 1 1.. ~ 

eliding resistance must not exceed 

8ize of this optical system is 300mm, a - 0.001 

TTthere is no V strictl0n in P 

t misalignment may occur in the longitudina! directs. To 
" mPe !i the lens member 110 must be fixed to the 

avoid this -^--V Qid miaalignme nt in the longitudinal 
enCl03UrB \ ng th\forementioned difference in expansion to 

— ■ -r rrrrr r:. 1 :,^ — 

shown in Fig. 13(c). in ^ concaV e formed on the 

1in v ftt th e center is engaged with a concave 
protrusion 110b the ce J^^,, 111. and this is used 

bottom of the holding part 111a or tn 
as a fixing portion 15 



xmg potion directi on, STianginm n rt 

If there is no restricts in tn. lateral 

• the lateral direction due to changes in temperature. As 

rets: 

the rib HOa is engaged in the V gr 

-'"r:;r:::r:::::n:..-..«-- r --::; 
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Burf aces subjected to eiastic and are 

mechanical contact at a predetermined surface pressure ( .Udu* 

Z L Pressure at the sUde-Htted portion 113, Thie 

essure is such that, while Native — between tHe »ens 
liber UO and — e 1X1 caused the expansion due .change^ 
temp erature between ^ is a.lowed, relative movement caused 
oration and the ,*e is avoided b y tbe frictional resistance on th 
upP er and lower internal surfaces between the aforementioned coutac 
p otrusion ll.b and holding part XXXa. In order to ensure that t e 
rietionai reeistance on the upper and lower ^ ^"^ 
th. aforementioned contact protrusion XXOb and holding part 111a h 
the aforementioned action, it is important to 

pressure on tbe aforementioned eliding surface when tbe rib XO 
embedded in the holding part Ilia. 

4.' T? is nreferred to meet cue 

In this example, the aforementioned F is preterr 

following: F ^ 2000[N]. 

if foreign substances such as chips are 
Furthermore, even if foreign sub 
l0C ated on tne siide-wav between tne aforementioned contact 
• 110b and V-groove 112, tbey oan be pushed into tne space 
protrusion 110b and V gro . Th do not cut into the 

between the contact protrusions 110b and 10b. They « 
slide-way to hinder siiding of the contact protrusion 110b. 

In this example, latere, misalignment preventive means 
(long i t udina> siide guiding mean.) is provided by the fitting between 
he V-groove 113 and contact protrusion 110b. U is also poseibU t 
eonfigure the structure wherein the V-groove 112 x. replaced by a 
; ri pl.„ ke protrusion of inverted V-shaped section, and the conta 
protrusion XXOb of the rib XXOa is replaced by a stripe-HKe groove 
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ted V-shaped section, whereby they are fitted to each other. In 
T J however, protrusions must comparative* 

this case, however, v foreign substances 

int ermi«ent one in order to permit 
ha .ing entered between the fitting sections of 

• nd the groove of the inverted V-ahaped section, 
protrusxon and the groove if there is a big clearance 

In the aforementioned --^•^^ member u0 and 
oft he 9l ide-fitted portion between the rxbaiOao ^ 

hending w . "« aforeffi entioned local inclination or 

characters. However, aforementi oned clearance to a 

bending can be avoided by keeping chara cteristicB of the 

j „„ sn u m or less. Thus, optical charade 
T .lu. not 50, m. aforeme ntioned local 

lens member 110 are not affected by 
inclination or bending (Fig- 14). 
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2. Embodiment 2 exa mple of applying 

The above description is concerned with P 
the second mention to the tabular long^e . « - ^ 

cylindrical lens member 17! fitted ^ 

r:,::r:;rr..r — — 
z m ....... • -r irz 

Fy . i „ e fVi<» ipns member J./J-- 

the lens member 171 is n^e . 

. 17 c i s fitted with slide groove 173 aBd 
the contact protrusion 175 is tx« 
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♦ «t While relative movement in the 

b rought into mechanical con ^ ^ 

long itudinal direction cause y ^ ^ U 

encl osure 172 and lens member ^ 

aUowed by the frictionel resistance due - ^ ^ ^ ^ 

. movement in the Wtudina^.ec-n ue^^ _ ^ 

-o^ed. ^ proper va!ue o h ^ 

j 4« the same manner as i" 
determined in tne sa»i 



3. Embodiment 3 



10 ■ 16 and 17 is an example of 

U Embodiment 3 shown » ■ en8ional lens array. A 

^ applying the Second InvenUon U, ^ many u „ 

K rectangular tabular lens mem 18£ , b t0 form a composite 

% B audwiched and held by encores ^ ^ ^ 

8> -o-dimensional lens are, , 8-.. ^ ^ ^ hor , ontal 

»»• and 182b are therm 1 P* ^ ^ ^ 181 

directions, the direcUon of relaUv eipans ion is the 

- enoUsures 182a - ^ ^ ^ ^ center 0 f >ene membe, 
sa measthe two-aimens-na! d.ec ^ ^ 

20 m as an cri g in. The d.rect on ^ ^ and ls 

relationship with respect to he . ^ ^ ^ ^ 

9a me as the direction of a sl.dmg g ^ _ 

A he mispherical contact pretru o 8 ^ ^ ^ ^ ^ 
poi nt of the partition between the lens ^ 
26 i9 loca ted opposite the aforemenUo ned s s ^ ^ 

182 a and 182b. A groove ^ . fising portion 185 

approximate center of enclosures 182a 
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. portion 185 as a fixing point 9andwiched and fixed by 

When the lens member 181 

„ , ou the contact protrusion 184 is il^eu 
enclosures 182a and 182b, the P 

:-nr:r^r— ■■»••" 

5 distance caused by the s eipansion 
« * • two-dimensional direction 

ft movement in the two changes m 

Closures 182a and 182 b and lens » toetto „y 

tem perature t and prevents movemen , u - 
nation and the I.e. The proper sine ^ 
can he determined in the same manner as ^ >f 

Fur ther, columns 186 are provide P » ^ 

the mechanical contact on the mecn 
a . enclosure 182b. ?rotru8ioo 184 an d slidmg 

anrface between the hemispheric enolo8ure s 182a 

groov e 188 is controlled by defining the SP e 
a nd 182b according to these columns 186 

W U1 be hept less than ^ acml4 w „h the optical 

Th e Embodiments described above ^ 

— iTecl irthTroroptical c^onent 

deS " iPti0n To 'l-t m" ligation of the optical equipment can be 
1. a mirror. Long term compos ite optical component 

improv ed substantially by using , - = - ^ 
ba9 ed on these optical components for the P ^ 
copying machine, image forming apparatus 
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apparatus 
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atUS ' u - f wdage between the optical component 

A8 described above, < optical compon ent, tbe 

and enclosure is too loose m be co P ^ ^ ^ 

opti cal component will be ^ ^ expansion and 

enclosure due to repeti^on of v.braUon ^ ^ 

— - - 'T":;;:—;;!. - - 

tight, internal distorts wxU ( component 

th e difference in thermal expansion b en ^ 
and enclosure caused b y 

a«a tte n.ti t . will be reduced by th» ^ ^ ^.^ 

fhp strength of frictional bondage d 

these problem . the - ^ ^ ^ ^ of 

com ponent and enclosure >s d ThiB haB 

the optical component is bonded to one p 

9olv ed botb »^ h - f " em 77 e ; t P h r ; b af : S ementioned advantage are 

---- 

of different composite optical componc ,uU optical 
Fur thermore, the optical •^"^^ repeated c hsn g es 
exponent are sept at an or^nal „ 

• ^f nra long time during their service life, 
deteriorated for a long uxixi 
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(Third Invention) 

0. Art for Comparison 

Fig 18 represents a composite long-sised optical component 
eonsisting of a combination of a long-sized lens array (optical 
functional device, and a reinforcing member (holding member). Tins xs 
different from the Third Invention. Although it is not a known art, xt 
8 erves as an example for comparison in the contest of the present 
mention. For this reason, the following describes this art for 
comparison. 

A ri bs 210a is installed on each of the right and left of a plasty 
long - B i*ed lens array (optical functional device, 210. A protrusion 210b 
L i8 f 0r med on each of the front and back of this rib 210a. 
P In the meantime, a holding part 211a having a U-shaped section x. 
ft mounted on each of the right and left of a reinforcing nxember 211 as 
1 an aluminum extrusion product. Kibe 210a on the right and left sides 
0 f a long-si*ed lens array (optical functional device, are fitted into the 
holding part 211a of the holding member 211 so as to permxt 
sHde-fitting (fitting and fixing to ensure stable holding and bondage 
20 to such an extent that sliding by a predetermined force is allowed,. 
The long-sized ,ens array 210 is built in the holding member 211 to 
forxn a composite body, and the long-sized lens array 210 is reinforced 
by the holding member 211. 

The following describes the composite optical component 
25 production procedures in this art for comparison: 

1) Mold a long-sized lens array (optical functional device) 210 
characterized by sufficient molding precision to meet the 



specifications. func tion unit of the composite 

Longitudinal s of * *° _ . 

component: . - or less . eon o « W U P ^ ^ ^ ^ 
Measured straightness of the 



product 
: 17 m 



s „ Mold a member ,u w »» . °;; 2 t ;: iEhtness on 

1 ".ce in contact with optical the functional dev.ce 0 



the snrfaccincontactw.cn .P- degree „ f 

g Alum inum extruded products are cut ge 

C straightness 13 „ m as measured value 

._ Longitudinal direction stra.ghtness. 

P for of holding member 



ft 



20 



, j 210 into the holding member 

rrr:"r.r:r.. ...... — 

nCe ' „it of the composite optical device: 

Straightness of the function unit of 



reference 
S 

27 m m 
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* ♦ surfaces between the optical 
Thl3 ma.es sHdable the contact surfaces ^ ^ 

poin t (contact surfaces between a protrusion 2 Ob an ^ 

2Ua) , and the, are ^J^T^ device) 

d-M-.*.^*^^™' 4 ^^/^. between the 
210 , despite the difference u, thermal P 

^ntical functional device) 210 
long-sized lens array (optical 



•t.i. deterioration of optical 
w 211 This eliminates possible deter o 
member 211. 210 d e to the 

„f the long-sized lens array 
performance of tne i""B 

aforementioned distortion. atraiz htness of the element 

In the case of Art for Comparison a. ^ ^ ^ 

B function unit (optical function unit of he Ion ^ 
co mposite component, of the composite compo ^ 
than that of the molded product of the ^ » ^ >f ^ 

, single product. So the straightness which b m ^ ^ 

- , 9in is required to provide is 

1 l-»«-*" d leDS a " ay ' , in the BP ecificat i0 ns. This raises 

% the composite component re*- ft< 

- *■ rt f the lonK-sized lens array 

ST hold ing mem her U ^ ^ <f ft . hola 

O straightness. This will require d in the step of 

member 211. Further, much time and eff or- t ^ ^ 

, , a33 embling the optical functional device 210 

PJ and higher A result, the 

npcessary to form a composite body. 
Costs are necessary lnn£? . size d optical component is 

4- «f thp composite long-sizeu ^ 
manufacturing cost of the comp 
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inevitably increased . 
1. Embodiment 1 



• a array according to this 

The ^-j— "I::, ^^eaudSmm high 
Embodiment 1 is made of 76m ^^.^ The 

25 poly carbonate (glass transition point t 

aiding member (reinforcing member) is made 



extruded product. 



[Manufacturing method) manufao ture according to this 

The following snows how to manut 

Embodiment 1: mo ided product 220 of the functional 

„ Mold the high-precision spare mold ^ ^ ^ 

device (long-sised lens array) c lded with protrusions 

mol ding. This spare molded product »» ^ & ^ part 221a 
220b at several positions to come in product 

m h„r 221. Straightness of this spa 
of a holding member Hi- 

220 was 140 , m (Fig- !»)■ at ft , center of the 

221 in the longitudinal direction ^ ^ ^ ft , 
i Straightness of this holding mem e £ ^ 

| value given in the specifications^ of the P ^ ^ 

comP onen, In this ^^ ^ embeT 22 1 is about B 2 , m. 
w „h the functional device of holding ^ ^ ^ longUudinal 

At the time of extrusion, a g ^ 

" iri^r^rtLa at - center of the aforementioned 
holding Part 221a in the longitudinal direction. 

u , 221 the spare molded product 220 

,/;-::::rrr— 

finish-molding apparatus. m0 unted on the 

molded product 
With the spare molded y 
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a heater in the apparatus to heat the 
fiuish-molding apparatus, use Cel8iu9 . Then apply 

spar e molded product P the opUca l 

pressure using the molding di.. ^ ^ ^ ^ ^ ^ 
functional surface of the long size ^ ^ transferred. 

. .notional surface of the ^/^ther ^ 233 to heat the 
During this pressure transfe , ^ CeUia3 

holding part 2 21 a of the h. - ^ g ^ _ is .formed to 
S and soften it in •«* ' ™ , f ^ 8pare molded product 2,0 so 

5 the form conforming to the rib ^ ^ the 

| as to he sUde-fitted. At the same tim ; ^ gI00Ve 
: aforementioned reference ho e 2 , ntloll . a hole 221d. 

M 221c so that it is engaged with ^ ^ ^ 

□ Further, the aforementioned protrusion MOb 
f 22 lc in a state Just conforming thereto * ^ 
1 A fter pressurized molding, it is cooled - ^ 

™ at a speed of a degrees * ^ 

mo ,ded in one integrated body is tafccn up 



21). 
20 [Result] 



i product 220 and 
e gnare molded proauw 

A1 though straightuess ° > ^ ^ define d in the 

holding member 22! was con aMy ^ ft . 
specifications (30 „ » or finished 

, .htness of the optical function unit of 
25 straigntness 

long -si»d lens array was 22 „ urn. reinforc ed by the 

Si uce the mold can be released ,n the 
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♦ of the optical function unit and 
u«t. 991 deformation or me 
holding member 221, releasing- 

Accordingly, high-precision optical n 

stable manner. refere nce hole 221d and groove 

In addition, resin enters the r fe» ^ ^ 

221e , and the long-si,ed Una array ^ ^ ^ ^ ^ 

reference hole 22!d. This is " ^^ ^pansio. and shrinkage. 

long itudinal direction in the event of the- ezp ^ 
As a resuU. internal distortion does n occu ^ 
dlre ction. Accordingly, Brightness n th g 

is kept at 28 it m or below, 
the reference value of 30 * m. 

. t „ ce 0 f the sliding resistance in the 
The sliding re^stanc of ^ wa8 , 8 w . In 

— dinaldire r t re TI > — .f the Wei- - 
order to ensure that he ^ direction , caused by 

- ray (int " n i:::;r an I - l of — - 

difference » thermal expa } Mit 

i8 keP t within the tolerance rauge, « 

lenB th between the long-si,ed lens array «-^^ ^ Umit 

u AV-axSxE (where a denotes a p 

rauS t be A F -ax ^ ^ array> - 8 

internal distortion per unxt lengt ^ & 

o nf the long-sized lens array, ana 
denotes a sectional area of the long = 

this equation, one get A F - a 
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n. ir, this Embodiment 1 is half the 
± R fNl Der unit length in this am 
resistance 4.8 [Nj pe there . g nQ 

afor ementioned 10.. [W or .... TM * array 
deterioration of optica! ' ^ ^ expansion . 

cau6 edby internal distortion due to ^differ ^ f „ 

5 ~ z^zz :::: ♦ — - r 

,„ However, the injection morning j 

Bte p are necessary. Howe rf ^ 

n reduced because there is no problem even ^ 

1 ...mentioned spare ^ ^ mol ding step 

g substantial* improves the produ t y ^ ^ ^ „ 
1 of -a-si-d lens array agsembling prec ision, 

■I assembling process wherein a high degree o ^ ^ 
S h ence, much time and effort is reared, T hu, 
^ , t>,» total manufacturing cost oi 

ft Embodiment X, the total ^ g5% a9 

1 lon ,si,ed optical component con d be du^ ^ 
compared to the case xn conformity 



18. 

20 2. Embodiment 2 
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Snarly to Embodiment , Bmbodiment , repr - ^ 
_ P le of applying the present invention o 

optic al component based on a long^e J - ^ 
and structure of the composite long 
basically the same as those of Embodiment 1. 



[Manufacturing method] Effib „diment 2 is 

A m »a— accord!*^ ^ ^ ^ 

• pjrt 22 This manufacturing method is oa 
8 hown in FX.. »• ^ ^ foUowing three point8: 

tbe Emb odiment X, but is d moided product in 

1) There ia no protrusion for bringing 
contact with a holding member 241. 

„ A slide-fitting method is used. ^ ^ 

3) The holding member 241 uses the mjecti 
r esin material reinforced by glass fiber. 

„ „• a nt 2 a spare molded product 240 of the 
In thi8 Emb od,men 4 J wlthoutprotrusionform edonthe 
long . 8 i Z ed .ens array and 241a on ^ right 

front and back surfaces are held by ^ ^ ^ 

and left sides of the holding member . ^ ^ 

blowing means for slide-fitting f. rmatio n * P ^ ^ 

-~ r^rrx" — — is 

transfer the shape of the op ^ ^ ^ 

apP lied to the vicinity of the section tf* ^ ^ ^ 

m „lded product 240 in contact with ^ ^ ^ ^ ^ 

Then eternal force is applied ^ 240a , f 

rib 2 40a is deformed. In the manner as stated ^ ^ 

tbe 8P are molded ^.^^T.. U contact with the 
Fig 23, and slide-fitting is earned out 
holding member 241 at several points. 



[Result] 



molded product 240 -and holding 

oai (molding material: 135 * m, 
member 241 (molding f d ia the specifications 

wa8 much greater thau tbat stra^ne. J^,, „ 

. for the composite optica! compo e» 0 , ^ ^ 
the optical function unit of the long-sized 

optical component was 26 > ». ^ optical 

Furthermore, the total cost of b P ^ ^ 

S , composite component ot tne e 

I ;:t:— . - — « ■■ — ■• « •■ - lh - 
t ••■••'•"•'"•rr-rr ...... — — - 

Si In this Embedment 2, a r.»> &n 

b ,„ ..... , ........ 

s -'t:c;r.'r:r. .... — - - ■ — 

*=§ member, nowever, » 

S length is resedas a result of increased length. 
3. Embodiment 3 

„ . ftn . q reD resents an example 

•••r";:r.::;rr;i: ......... - - r - 

— - --'it:::";',, 

• 9fith is formed on the internal side 01 a 
» " A PrOtrU910,l be 261 so that it is brought into a mechanical 

261a of a bolding member 26 so 
contact with the top surfaoe of a rxb 260a 
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[manufacturing method] according to Embodiment 

» fa 7 ing m - same as that - 

3. This manufacturing method i. ^ , ud .. fl tt.d portion 
Em bodiment 1, except for the method f r ^ ^ ^ ^ ^ ^ 

a81 - how to form slide-fitted portion in 
The following desonbes how 

Embodiment 3: 



' ITT aD are molded product by 

When pre^e is applied to the pare , 
to transfer the anape 
m „lding dies 231 - a ^ a n0 „ d ia the direction orthogonal to 
functional surface, resin ha,flI ^r . n contact with the holding 

the axis direction of pressure »s and 232 , as shown in 

m emher 261 by the pressure of molding 9k. 
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The holding member 261 . P ^ pre96ure 

and is deformed by reem press ^ ^ „, 

plication, and the ^J^ 1 ^ _ ber ,., So when 
is for med to conform to the def rm ^ ^ ^ 

resin has shrunken subsequent »' The spare 

m ember 261 is restored by elaetica ^ eform^ ^ ^ 

mol ded product (long-sr.ed lens a y) ^ ^ ^.^ 

— ^ eU ; tiCit ; Tin! "Irationofstraightnes. 

:;:[:::,"- 

51 



p.ntioa. thereby re during the pressure 

holding member 261 due to the resin pre* 



molding step. 



[Result] 



t snare molded product and 

Although the straightness of the spare m 

ber 261 (moiding material, 140 „ m. holding member: 55 
holing member 26 £ J ^ ^ 

^^^rale I the specifications (30 „ m or lese>, the 
rZesTt:: optieal .notion unit based on a long s.ed lens 

Furthermore, the total cu» 
com ponent was reduced 65* as compared with that accords 
aforementioned Art for Comparison. 

In this Embodiment 3, resin allows the contact surface 

... - >. — rr:::::r 
r,r. : — - - - r"~ 

— — - :r;r::::r:,:. — — » 
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4. Embodiment 4 



to Embodiment 1, Embodiment 4 represents an 
{ ZZ e tbe present invention to a composite long-sised 
ezample of applying The me chanism 

optical component based on a ^ are 

and structure of tbe compose long sized P 
basi cally tbe same as tbose of Embodiment 1 except 



> A p msion 270b is formed on tbe bottom surface of a spare 
E molded product 270 based on a long-s.ed .ens array, 
? long itudinal groove 270c on tbe top surface. 

« A vertical rib 271b is formed on tbe upper P 
m= x- , voiding member d i x, »nu 

£ part 271a on tbe rigbt and Uft ^^.^ Aforementioned groove 
| bottom of this vertical rib 271b x. guided by 
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270c. 

[Manufacturing method] 



murine method according to the 

, , . „ t , e , eep t for the following two points, 
th.t in Embedment 1. «e.p of sJieet 

1) The holding member 271 



metal. 
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„f the holding member 271 and spare 
2) Reference positions of the Hoiai g 

The following shows how to torm 
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ber 271 and a rib 270a of the spare molded product 
the holding member 271 ana 

27 ° : , the optical functional surface is transferred 

When the shape of the „„ thr0<Jgll the 

■»-« fhp sTiare moiaea y 1 " 
by applying pressure to sp of ft> 

on »nd 232, pressure is appnea 
5 molding dies 231 and ^ froffl top 

<■ 271a of the holding member 271 ana 
holding part 271a m ^ tolding part 

and bottom by mulUple ^JV,,,^ 

S »«• - - ti8hteD l n g mler -I and spare molded product 

| Fur thermore, the holding ^ ^ 

| 0 270 are formed into a composite body by P ^ 
? optical component reversed upsiae a 

: the " mP08lte ° P a Reference positioning bole 271d formed 

bonding agent is dripped into a referen ^ ^ 

D t r in the longitudinal direction of the hot 

M. at the center in the g holding part 

S hoiding Portion 271a of of the spe re molded 

S 5 271a of the holding member 271 

product 270 are fixed in this one point (F!g. 27, 



[Result] 



f thP at>are molded product 270 of 

« r st ::;:r ::; cjl ~— m «~«~ 

the long-sized lens array and ^ ^ 

m aterial: 140 . bolding member: 55 W m , Bpecification9 

that of the composite optical component d i d ^ ^ 
0 0 m or less), the Brightness of the optxcal 

» " PtiCal °Z:ZZZ of^he composite optical component 

Furthermore, the total co*> 

^ *n% as compared with that 01 
of the Embodiment 4 was reduced 50/o 



j fnr Comparison- . 

eforemenUoned Art P ^ „ d long - 81 zed 

In this Embodxment 4, the reference 

_ „„ «... —« r 0 -, ;r. . .... 

„.». .. «• «'•"»•• ,„„., ,„,.,.... ...... w 

.... ....... . . — -~" 

the holding member 271, thereoy 



optical component. 



+ a 1 to 4. In the composite 

ra . ..... \- b : a :r.i--».. •« »«•- 

„.,„■ ......... -'"^l,.., .„ .. ...a-"- «•»' 

7 ;r ;vr:r: 

10 .5 [HI. Accordmgly, at the ... respect to the holding member. 

- optical actional caneed b y 

So the internal d.storUon of J ^ device 

di fference in thermal expansion between t ^ ^ 

end holding member can be k ep * - ^.^^d thermal 
etraightness i. not deterrorated r q[ fte 

abortion, and hence deteriorate » 

— - " ' ^rrJnXal device and holding member 

Furthermore, the -P**" 1 ^ for crea tion of one 

- — * int ° a com :::; i b .t J be by *. 

integral body. So a composite 7 f member 
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Th e present - - „ e9sential 

composite optica! component wh ^ ^ 
accruing to specification recrements, 

composite optical component. ^ ^ effec tivelv applied to 

Accordingly, the present inveu straigh tness and surface 

precision is —red » °P ^ ^ &nd the like . It „ 

composite optica! component has ^ higher . fuDCtion 

very effective to achieve a l.w.r P ^ ^ 

prod uct, for example, an opt.ca v^ng ^ ^ ^ a9 

wella3a n image forming apparatus such as a p 

animagereading.a T ratussuchas a sca member ar e 

WheD the > ,/ical functional devme an 

, to them with a mold, . « _ fae performed 

8U rface and formaUon of . need not 

A1 thongh surface transfer and sl.de f P ^ piefc „ ed t0 be 
alwaya he performed at the ^ of reduc ing the cos, 

perf ormed simultaneous!, from th ^ ^ 

Regarding a compost optrcal P ^ 

* fW cylindrical single 

be applied to the eyl afore mentioned 
, i a «rrav similarly to 
, -dimensional lens array, 
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i rf-vice furthermore, a 
As an optical functional device, 
Embodiments. t deluding a mirror and prism can be 

^.precision optical component including 

mLufacturedintHes^lar ma-e, ^ ^ a 

Purther, the Material of > ^ by the toldi n g 

composite optical component re,» res ^ . 

member, ff the material of a »^ - „ the pr _t 
th. optical functional device, it can be use 
inve ntion, independent* of an, combination 
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